mediately following stimulation indicated that signaling is blocked close to the receptor. Our observations suggest a novel mechanism by which the host regulates TLR responses in TLR-expressing cells with regulatory functions.
Introduction
Toll-like receptors (TLR) are the most studied family of pattern recognition receptors. They have been found to be important in the detection of microbial threats and play an essential role in the induction of immune responses [1] . TLR are expressed by cells of innate and adaptive lineages and recognize an array of pathogen-associated molecular patterns including single-stranded RNA [2] and bacterial DNA containing CpG motifs [3] . Activation of TLR9 by CpG DNA leads to recruitment of downstream adaptor molecules including MyD88, IRAK1, TAK1, IKK-␣ , IKK-␥ , p-38, JNK and Fos, which subsequently trigger NF-B and/or AP-1. This leads to upregulation of innate immune response genes resulting in production of proinflammatory cytokines, type I interferons and cell proliferation. In humans [4] and in ruminants [5] , the main cell populations that express TLR9 and are directly activated by CpG oligodeoxynucleotide (ODN) are B cells and plasmacytoid dendritic cells.
Interestingly, several studies have found that B cells, which are adaptive immune cells, constitutively express TLR, mainly TLR1 and TLR6-10 [6, 7] , and can be activated by TLR agonists in the absence of antigen. B cell activation by the TLR9 agonist CpG ODN was first reported by Krieg et al. [8] , who found that in vitro and in vivo stimulation of murine B cells with CpG ODN induced cell proliferation and secretion of immunoglobulins. Subsequently, CpG ODN has been shown to directly stimulate B cells to secrete immunoglobulins in mice [9] and also to secrete the cytokines IL-6, IL-12 and IL-10 [10] . In humans, significant induction of immunoglobulin secretion by CpG-activated B cells requires additional signals such as B cell receptor cross-linking, CD40 ligation and dendritic-cell-derived B cell activating factors such as BAFF and APRIL [6, 11] . Additionally, CpG ODN seems to require cooperative stimulation from CD40L (CD154) or signals from plasmacytoid dendritic cells to induce cytokines such as IL-6 and IL-10 in B cells. There seem to be substantial species-specific differences with respect to innate responses of B cells stimulated with CpG ODN. In mice, all subtypes of B cells seem to be directly activated by CpG ODN whereas in humans, direct activation occurs mainly in activated and memory B cells from blood.
We recently reported a novel B cell population with regulatory functions (B regs ) in sheep Peyer's patches (PP). These PP B regs suppress IFN-␣ , IFN-␥ and IL-12 primarily through IL-10 and possibly other mechanisms [12] . However, how TLR responses are regulated in these B regs has not been explored. The objectives of the present investigations were to determine whether CpG ODN can induce innate immune responses in PP B regs and to examine how these responses are regulated. Investigations at the level of both biological responses and phosphorylation-mediated signal transduction indicate that B regs do not respond to stimulation with the TLR9 agonist CpG ODN.
Materials and Methods

Oligonucleotides
The sequences of the 3 ODN used in this study have been published [12] 
Isolation of Peripheral Blood Mononuclear Cells, Jejunal PP and Lymph Node Cells
Blood was collected from the jugular vein of sheep in ethylenediamine-tetraacetic-acid (EDTA)-treated vacutainer tubes (BD Biosciences, Mountain View, Calif., USA), and peripheral blood mononuclear cells (PBMC) were isolated using 54% isotonic Percoll (Pharmacia Biotech AB, Uppsala, Sweden), as described previously [13] .
Sheep were humanely euthanized, and mesenteric lymph nodes (mLN) and jejunal PP (JPP) were collected and cells isolated as described before [14] . The number of viable cells was determined by trypan blue dye exclusion and counting in a hemocytometer under a light microscope. Cells were resuspended in AIM V medium containing 2% fetal bovine serum. For magnetic activated cell sorting (MACS ) isolation, cells were resuspended in MACS buffer [phosphate-buffered saline (PBS), EDTA and 10% bovine serum albumin].
Tissue Culture Conditions
Stimulation of PBMC, JPP and mLN cells was performed in 96-well, round-bottom plates (Nunc, Naperville, Ill., USA) using AIM V medium supplemented with 2% fetal bovine serum, 100 IU/ml penicillin, 100 g/ml streptomycin sulfate, 0.25 g/ml amphotericin B, 2 m M L -glutamine, 50 M 2-mercaptoethanol and 10 g/ml polymyxin B sulfate (Sigma-Aldrich) as described before [12] . For each treatment, 5 ! 10 5 cells were cultured in triplicate wells in 200 l total volume. Culture supernatants were harvested and stored at -20 ° C until assayed for IL-10, IL-12 and IgM.
Enzyme-Linked Immunosorbent Assay for IL-10, IL-12 and
IgM ELISA for quantifying cytokines in cell culture supernatants were performed as previously reported for IL-12 [15] and IL-10 [16] . For IgM ELISA, serum was diluted using PBS with 0.05% Tween 20, and positive controls (sheep pre-bleed serum) were serially diluted (1/10, 1/100, 1/1,000 etc.) while supernatants were serially diluted 3-fold. Diluted samples were incubated for 2 h and then washed. The captured IgM antibodies were detected in one step using alkaline-phosphatase-labeled rabbit anti-sheep IgM antibody (KPL, Md., USA; cat.: 052303) and visualized using pnitrophenyl phosphate.
Cell Purification Using MACS
The naïve B cell population was obtained by enriching for CD21+ B cells. Routinely, purified cells were 1 94% pure for the CD21+ cell population as assessed by flow cytometry. The CD21+ B cell fraction of PBMC and JPP was isolated as previously described [12] .
Caspase Assay
Caspase 3/7 enzyme activity was determined using the Caspase-Glo 3/7 assay (Promega, Madison, USA) according to the manufacturer's instructions. Briefly CD21+ B cells were isolated as described above and either cultured in media or stimulated with CpG ODN (5 g/ml) or GpC (5 g/ml). After 24 and 48 h of incubation, 100 l of Caspase-Glo 3/7 reagent was added to each well of a 96-well plate. Luminescence in each sample was measured using the plate-reading Luminometer (Victor 3 V, Perkin Elmer Inc., Calif., USA). Three independent experiments were performed.
Lymphocyte Proliferative Responses
Cells were resuspended in culture medium at 2.5 ! 10 5 cells/ well in a final volume of 200 l. Triplicate cultures were stimulated and incubated as already described above. During the final 6 h of the 72-hour incubation, cells were pulsed with 0.4 Ci 3 H-thymidine (Amersham Pharmacia, Piscataway, N.J., USA). Cells were harvested using standard liquid scintillation protocols, and uptake of 3 H-thymidine was assessed in a beta counter (Topcount, Packard Instrument Company, Meriden, Conn., USA). Cell proliferation was calculated as the mean counts per minute of triplicate cultures and expressed as a stimulation index (counts per minute in the presence of stimulus/counts per minute in the absence of stimulus). For the lymphocyte proliferation response assay, a ␥ -irradiated cell line expressing murine CD40 ligand (CD154), a known ovine B cell mitogen [17] , was added at a 1: 10 ratio to confirm that B cells in enriched cultures were capable of a proliferative response.
Quantitative RT-PCR
RT-PCR was used to quantify TLR9 mRNA in the JPP (CD21+ and CD21-) and PBMC (CD21+ and CD21-) population as described previously [18] . Samples were normalized internally using the average cycle threshold (Ct) of ␤ -actin as a reference. Values were expressed as ⌬ Ct value per 500 ng total input RNA.
Western Blot CD21+ B cells (1 ! 10 7 ) isolated from JPP and PBMC were lysed, and the protein level was measured. Western blots were performed using 30 g protein and probed with anti-human TLR9 antibody (IMG-305A; Imgenex, San Diego, USA).
Kinome Analysis
A description of the rationale and process of construction of the bovine specific peptide arrays for kinome analysis has been presented elsewhere [19] . Briefly, peptides were selected to represent phosphorylation events associated with a spectrum of cellular events but with emphasis on responses associated with innate immunity. Bovine consensus sequences of the human and mouse peptides selected from Phosphosite were obtained by employing the Blastp program from NCBI to compare collected human peptides against the NCBI bovine protein database. Blastp was set to retrieve short exact matches. Parsed Blastp SM results revealed that the majority of the hit sequences had 100% identity to their query sequences, and a comparison of the protein descriptions for the query and hit sequences confirmed that they referred to the same protein.
Similarly, we used Blastp SM to determine whether the array was also ovine specific. Analysis of the 16 peptide sequences by Blastp SM revealed that they are the same protein in sheep (data not shown).
Isolated purified CD21+ B cells (25 ! 10 6 ) from JPP and PBMC were stimulated with medium alone or 5 g/ml of 2429 CpG ODN for 4 h at 37 ° C and 5% CO 2 and 95% humidity. Cells were pelleted and stored at -80 ° C before use with the peptide arrays. Cell lysate was prepared and incubated with the arrays as reported previously with the exception that lysates from 25 ! 10 6 CD21+ B cells were incubated with each chip (10) . Briefly, cell pellets were lysed with 100 l lysis buffer (20 m M Tris-HCl, pH 7.5, 150 m M NaCl, 1 m M EDTA, 1 m M ethylene glycol tetraacetic acid, 1% Triton, 2.5 m M sodium pyrophosphate, 1 m M Na 3 VO 4 , 1 m M NaF, 1 g/ml leupeptin, 1 g/ml aprotinin, 1 m M phenylmethylsulfonyl fluoride), incubated on ice for 10 min and then spun in a microcentrifuge for 10 min at 4 ° C. A 70-l aliquot of this supernatant was mixed with 10 l of the activation mix (50% glycerol, 50 M ATP, 60 m M MgCl 2 , 0.05% v/v Brij-35 and 0.25 mg/ml bovine serum albumin) and incubated on the chip for 2 h at 37 ° C. Finally, slides were washed once with Tris-buffered saline (PBS; 1 ! solution; pH 7.3) containing 1% Triton X-100, twice with 2 M NaCl containing 1% Triton X-100 and in demineralized H 2 O. Phosphoprotein-specific stain peptide arrays were performed. Following incubation, slides were washed once in PBS-Triton, then submerged in stain (PRO-Q Diamond Phosphoprotein Stain, Invitrogen) with agitation for 1 h. Arrays were then washed in tubes containing destain [20% acetonitrile (EMD Biosciences, VWR distributor, Mississauga, Ont., Canada) and 50 m M sodium acetate (Sigma) at pH 4.0] for 10 min 3 times with the addition of destain each time. A final wash was done with distilled water. Arrays were dried and read using a Genepix professional 4200A microarray scanner (MDS Analytical Technologies, Toronto, Ont., Canada) at 532-560 nm with a 580-nm filter to detect dye fluorescence. Images were collected using the Genepix 6.0 software (MDS). Images were then loaded on Arrayvision (Image Research Inc). Intensity values for the spots and background were obtained, and normalization (80th percentile per chip) and statistical analyses were performed with Genespring (Agilent Technologies) software. We used 4 biological replicates, and each slide contained a triplicate array. The results were shown as n-fold change in phosphorylation and measured relative to the respective unstimulated CD21+ B cells.
Statistical Analysis
Data was analyzed using the statistical software Graphpad Prism TM 5 (Graphpad, San Diego, Calif., USA). Statistical differences in median values between two groups were determined using the Kruskal-Wallis test, and comparisons were done between groups using Dunn's multiple comparison test. Values of p ! 0.05 were considered significant. erative responses in PBMC were significantly higher than in mLN. Furthermore, we performed a dose titration experiment using CpG ODN doses of 0.66, 2.0, 6.0 and 18.0 g/ ml. We found that the poor proliferative responses in PP following stimulation with CpG ODN were not due to suboptimal concentrations of the ODN or to the classes of CpG ODN (data not shown).
Results
PP Cells Proliferate Poorly in Response to
In humans, subpopulations of B cells (naïve, activated and memory) have been reported to respond differently to TLR9 activation in blood [6, 20] . In the present study, blood CD21+ B cells isolated from sheep were highly proliferative when stimulated with both classes of CpG ODN ( fig. 2 a, b) but the CD21-population had a much lower proliferation response ( fig. 2 c) . In contrast, CpG ODN did not induce any significant proliferative responses in purified CD21+ B cells from PP ( fig. 2 e) . Therefore, CD21+ B cells from blood and PP behave quite differently with respect to their proliferative responses to CpG ODN stimulation. However, CD154 induced significant proliferation on PP CD21+ B cells, indicating that these cells were viable and have a proliferative capacity when appropriately stimulated. Interestingly, the CD21-population in PP had a higher proliferative response upon stimulation by CpG ODN ( fig. 2 f) . This observation suggests that CD21+ B cells may downregulate CpG-induced proliferation in PP cells.
PP CD21+ B Cells Fail to Secrete Significant IgM Levels upon CpG ODN Stimulation
B cells also produce polyclonal IgM antibody upon stimulation with CpG ODN [8] . We therefore assessed whether PP CD21+ B cells secreted IgM in response to CpG ODN stimulation, and compared these responses to CD21+ B cells from blood. As expected, PBMC secrete significant levels of IgM when stimulated with CpG ODN ( fig. 3 a) . Purified blood CD21+ B cells secreted high levels of IgM in response to CpG ODN stimulation but no significant IgM production was observed in the CD21-cell fraction ( fig. 3 a) . In contrast, the mixed population of PP cells did not produce any significant IgM upon stimulation with CpG ODN ( fig. 3 b) . Neither CD21+ nor the CD21-cell fractions from the PP produced significant IgM responses following stimulation with CpG ODN ( fig. 3 b) . Thus, unlike CD21+ B cells isolated from blood, CD21+ B cells isolated from JPP did not secrete IgM when stimulated with CpG ODN.
CD21+ B Cells from Blood but Not CD21+ B Cells from JPP Secrete IL-12
B cells are known mainly for the production of antibodies but they can also secrete a variety of cytokines including IL-12 when stimulated with TLR agonists or under inflammatory conditions. For example, human and murine B cells secrete high levels of IL-12 when stimulated with CpG ODN and CD154 [21] . Thus, we wondered whether CD21+ B cells were capable of secreting IL-12 upon either CpG ODN or CD154 stimulation. Purified PP CD21+ B cells did not secrete IL-12 upon stimulation with either CpG ODN (C and B class), ORN (TLR7/8 agonists) or CD154 ( fig. 3 d) . However, purified blood CD21+ B cells secreted high levels of IL-12 in response to stimulation by CpG ODN, ORN and CD154 ( fig. 3 c) .
PP CD21+ B Cells Spontaneously Secrete IL-10
We assessed the ability of PP and blood CD21+ B cells to produce IL-10 in the presence or absence of CpG ODN stimulation. As shown in figure 4 a, unstimulated PP CD21+ B cells secreted IL-10 and stimulation of these cells with CpG ODN, control GpC or with CD154 did not result in any additional increase in IL-10 production. In contrast, blood CD21+ B cells produced IL-10 only after stimulation with CpG ODN ( fig. 4 b) .
Thus, although PP CD21+ B cells fail to proliferate or secrete IgM and IL-12 when stimulated with CpG ODN, they spontaneously secrete IL-10. 
PP CD21+ B Cells Express TLR9 Receptor
A major requirement for CpG ODN stimulation is the presence of its receptor, TLR9. We wondered whether the poor responsiveness of PP CD21+ B cells to the CpG stimulation was due to a lack of TLR9 expression. Therefore we evaluated the expression of TLR9 in both PP and PBMC CD21+ B cells using quantitative PCR.
Both PP CD21+ and blood CD21+ B cells expressed similar levels of TLR9 mRNA, and as expected, the CD21+ fractions expressed higher levels of TLR9 transcripts than the CD21-fractions ( fig. 5 ). Moreover, this was confirmed by assessing the level of TLR9 protein in CD21+ B cells from JPP and PBMC using Western blot and found that the expression level of the TLR9 protein was similar in both cell types (data not shown). Thus, the poor responses of PP CD21+ B cells to CpG ODN stimulation may not be due to the lack of TLR9 receptor.
Unresponsiveness of PP CD21+ B Cells to CpG ODN Is Not due to Apoptosis or IL-10
One possible outcome of CpG ODN stimulation in B cells is the induction of programmed cell death (apoptosis). Therefore we evaluated whether stimulation of JPP CD21+ B cells with CpG ODN induced apoptosis which could result in an apparent unresponsiveness. We observed similar levels of caspase 3/7 in both CD21+ B cells from blood and JPP following 24-hour stimulation by CpG ODN or its control GpC ( fig. 6 a, b) . Therefore programmed cell death is unlikely to be the cause of the poor responses in JPP CD21+ B cells stimulated with CpG ODN.
Another potential cause of PP CD21+ B cell failure to respond to CpG stimulation may be the influence of antiinflammatory cytokines such as IL-10 and TGF-␤ . As reported previously [12] , unstimulated purified CD21+ B cells from PP spontaneously secrete IL-10, which suppressed CpG-induced innate immune responses. Therefore we tested whether neutralization of IL-10 had any effect on CpG-induced responses in PP CD21+ B cells. Neutralization of IL-10 in PP CD21+ B cell cultures did not result in any significant increases in proliferation following stimulation with CpG ODN ( fig. 7 a, b) . Thus, the unresponsiveness of PP CD21+ B cells following CpG ODN stimulation is not due to suppression by IL-10.
Failure of TLR9 Signaling in PP CD21+ B Cells
Although CD21+ B cells from blood and JPP express similar levels of TLR9, there was a marked difference in B cell responses to CpG ODN stimulation. The seeming presence of the TLR9 receptor on both cell types suggests that the differential responses of these two cell types to CpG stimulation reflect unique patterns of signal transduction. To investigate this potential mechanism, kinome analysis was utilized to quantify levels of activity of kinases known to be activated in the TLR9 pathway. Both blood and PP CD21+ B cells, with and without stimulation by CpG ODN, were examined. PP and blood CD21+ B cells showed marked differences in their overall signal patterns as well as numerous differences specific to TLR signaling. Table 1 summarizes n-fold changes in phosphorylation of CpG-induced CD21+ B cells from PP and blood (PBMC) relative to their unstimulated controls. Sixteen out of the 300 peptides on the array revealed contrasting n-fold changes in phosphorylation when PP CD21+ B cells were compared to blood CD21+ B cells. Activation of TAK1 depends on the phosphorylation of a series of C-terminal sites including Ser192 [36, 37] . This kinase target underwent a 70-fold increase in phosphorylation (orange color, fig. 8 a) in CD21+ B cells from PBMC upon CpG ODN stimulation. In contrast, CpG stimula- tion of PP CD21+ B cells induced a decrease (50-fold) in phosphorylation (mauve color, fig. 8 b) of the same kinase target ( table 1 ) . Activation of IKK-␣ also depends on phosphorylation of the amino acid Thr23 [22] . We found that upon CpG stimulation of blood CD21+ B cells, this IKK-␣ target site had a 46-fold increase in phosphorylation (orange color, fig. 8 a) but stimulation of PP CD21+ B cells with CpG resulted in a 4.4-fold decrease in phosphorylation (pink color, fig. 8 b) of this peptide. Activation of p-38-␣ kinase depends on phosphorylation of target sites including Tyr323 [26] . Upon CpG stimulation of blood CD21+ B cells, this target underwent a 100-fold increase in phosphorylation (orange color, fig. 8 a) , whereas PP CD21+ B cells underwent a 136-fold decrease in phosphorylation (red color, fig. 8 b) upon CpG stimulation. Similarly, JNK1 (S377), NF-B-p65 (S311, S276 and S536), FADD (S194), Casp8 (S347), PKACa (T195/7) and Fos (Thr232) have been shown to be activated when their respective targets are phosphorylated [27, 34, 38, 39] . We found that in blood CD21+ B cells, all these targets displayed increased phosphorylation following stimulation with CpG ODN while in PP CD21+ B cells, all those targets displayed decreased n-fold changes in phosphorylation. The enzymatic activities of IRAK1 have been shown to be regulated differentially, that is phosphorylation of D ata represent n-fold change in phosphorylation of CpG-induced CD21+ B cells from JPP and PBMC relative to their respective cells cultured in medium alone. In this table, relative phosphorylation levels (CpG-stimulated CD21+ B cell lysates/medium-cultured CD21+ B cell lysates) and their effect on the peptide targets are reported. References are shown in brackets. the T387 target site resulted in activation of the enzyme [32] while phosphorylation of the T100 target site resulted in inhibition of IRAK1 [31] . In blood CD21+ B cells, we observed that IRAK1 (T387) had a 9-fold increase in phosphorylation (yellow color, fig. 8 a) while in PP CD21+ B cells, we found a 3.8-fold decrease in phosphorylation of IRAK1 (T387) following CpG stimulation (pink color, fig.8 b) . Interestingly, we observed in blood CD21+ B cells that the inhibitory IRAK1 site T100 was unchanged in phosphorylation n-fold change (blue color, fig. 8 a) while in PP CD21+ B cells, IRAK1 (T100) displayed a 3.5-fold increase in phosphorylation (yellow color, fig. 8 b) upon stimulation with CpG ODN. As summarized in colorcoded figure 8 a and b , all of the above adaptor molecules are involved in the TLR9 pathway but they display differential phosphorylation n-fold changes in PP compared to blood CD21+ B cells upon stimulation by CpG ODN. These results demonstrate that the key adaptor molecules for TLR9 signaling transduction leading to NF-B, AP-1 and MAPK pathway activation are dysfunctional in PP CD21+ B cells compared to blood CD21+ B cells following stimulation with CpG ODN.
Discussion
We previously observed that PP B regs have regulatory activity and downregulate TLR9-induced IFN-␣ , IFN-␥ and IL-12 responses, and this suppression is mediated at least in part through IL-10 [12] . However, it is not known whether B regs respond to stimulation with the TLR9 agonist CpG ODN. In the present study, we demonstrated that PP B regs failed to proliferate, secrete IgM and produce IL-12 following CpG ODN stimulation.
We investigated several potential mechanisms which may mediate the unresponsiveness of PP CD21+ B cells (B regs ) to stimulation with CpG ODN. The failure of B regs to respond to CpG ODN was not due to a lack of TLR9 expression, CpG ODN activation-induced apoptosis or autocrine IL-10 regulation. However, CpG ODN unresponsiveness was not due to a lack of proliferative capacity in PP B regs , since vigorous proliferation was observed when these cells were stimulated with CD154 (a T cell signal). Thus, B regs have the capacity to proliferate when appropriately stimulated.
PP B regs demonstrated the hallmarks of the described B regulatory cells [40] as they exclusively produced IL-10 but not IL-12 even when stimulated with CpG ODN, ORN or CD154. Moreover, we demonstrated another regulatory aspect of B regs as they suppress proliferation responses in other B cells. In this regard, depletion of CD21+ B cells resulted in a significant increase in the proliferative responses of CD21-cell populations, presumably CD21-B cells. This result suggests that PP B regs may regulate other B cells but the mechanisms which mediate this regulation are not known.
TLR9 is a requisite for CpG-induced responses [3] . We have shown that B regs express similar levels of TLR9 mRNA and protein as blood CD21+ B cells, suggesting that TLR9 was not the cause of the unresponsiveness of PP B regs to CpG stimulation. We then hypothesized that the failure of PP B regs to respond to TLR agonists may be due to differential regulation of phosphorylation events downstream of the TLR9 signaling pathway. Therefore we used kinome analysis to characterize TLR9 signaling in PP CD21+ B (B regs ) cells and blood CD21+ B cells. Interestingly, in blood CD21+ B cells which are highly responsive to TLR9 agonists, CpG ODN stimulation activates kinases such as IRAK1, TAK1, IKK ␣ , p38-␣ , JNK1, FOS, NF-B-p65, FADD, Casp8 and PKACa which are associated with TLR9-mediated signal transduction. In contrast, the above TLR adaptor molecules displayed a net decrease in phosphorylation in PP B regs following CpG stimulation leading to dysfunction of these kinases associated with TLR9-mediated signal transduction. While IKK-␤ appears the notable exception to this trend, it is important to consider that regulation of this protein involves phosphorylation events at numerous sites of the protein and that these modifications are catalyzed by a variety of kinases which are unrelated to TLR signaling.
It seems that stimulation of PP B regs by CpG ODN results in decreased phosphorylation of adaptor molecules early in the TLR9 pathway and causes inactivation of key adaptor molecules. Therefore, there must be regulatory mechanisms in PP B regs by which adaptor molecules are inactivated following ligand interaction with TLR9. Some key possible negative regulatory mechanisms in the TLR9 pathway that could be involved include: (i) factors that cause degradation of signal transduction molecules such as Triad3A (degrade specifically TLR4 and TLR9 receptor) [41] , (ii) inhibition of adaptor molecules such as Src homology 2 domain-containing protein tyrosine phosphatase 1 (inhibit IRAK1) [42] , (iii) deubiquitination of adaptor molecules by factors such as A20 and deubiquitinating enzyme A [43] , (iv) differential cellular localization of TLR9 in different subsets of B cells which may require trafficking protein such as UNC93B1 and (vi) nonfunctional TLR9 receptor in PP CD21+ B cells.
In conclusion, PP B regs do not display biological responses to direct TLR9 stimulation despite expressing TLR9. However, kinome analysis confirms that TLR9 signaling did occur following CpG ODN stimulation. This response entailed differential signaling activity close to the receptor suggesting attenuation of both the primary and secondary TLR-induced signal transduction in PP B regs . This raises important questions regarding the physiological role of the TLR9 receptor expression on this cell type.
